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Symbols 

wake  area 

wake  dreg  coefficient 
wake  point  drag  coefficient 
suction  purap  drag  coefficient 
t>tai  drag  coefficient 
pressure  coefficient 

distance  between  aft  end  of  stain  body  of  BLC 
airship  and  tail  cone,  shroud,  or  annular  airfoil 

body  length 

stream  Mach  number 

suction  mass  flow 

static  pressure 

total  head  pressure 

Reynolds  number  (UjL/v) 

body  radius 

velocity 

velocity  parallel  to  surface  in  the  boundary  layer 
airship  volume 

power  supplied  by  suction  pump 
axial  station  measured  from  nose 
ratio  of  specific  heats  {1,4) 

boundary -layer  thl  WAA  20431  ' 

boundary- layer  displacement  thickness 
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Symbol*  (Concluded) 

density 

coordinate  normal  to  and  measured  outward  £rom  the 
body  surface 

angle  between  the  tangent  to  the  body  surface  and 
the  body  axis 

boundary -layer  momentum  thickness 
kinematic  viscosity 

Subscripts 

refers  to  free- stream  conditions 

refers  to  conditions  at  the  wake  station 

refers  to  conditions  at  surface  of  body 

refers  to  conditions  at  outet  edge  of  boundary  layer 
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AERODYNAMICS  LABORATORY 
DAVID  TAYLOR  MODEL  BASIN 
UNITED  STATES  NAVY 
WASHINGTON,  D.  C. 

WIND-TUNNEL  INVESTIGATION  OF  THE  DRAG  OF  A  PROPOSED 
BOUNDARY-LAYER-CONTROLLED  AIRSHIP 

by 

Peter  A.  Cerreta 

SUMMARY 

An  investigation  of  the  drag  of  a  proposed  boundary- layer- 
control  led  airship  has  been  made  in  the  7*  by  10-Foot  Transonic 
Wind  Tuntval  at  the  David  Taylor  Model  Basin.  The  tests  covered 
a  Reynolds  number  range  of  4,000,000  to  12,000,000.  Included 
in  the  investigation  was  a  United  number  of  tests  of  an  XZS2G-1 
airship . 

Two  naans  of  boundary- layer  control  were  tested.  Investi¬ 
gations  were  nade  of  an  annular  airfoil  and  an  annular  suction 
slot,  both  located  at  approximately  the  8r-percent  station. 

The  drag  of  the  BLC  airship  is  conpared  with  that  of  the 
X7.^x?  l  airship.  The  drag  of  the  annular  airfoil  configuration 
is  higher  than  that  of  the  XZS2G-1.  For  the  suction  configu¬ 
ration,  results  indicate  that  a  saving  in  drag  of  approximately 
20  percent  over  that  of  the  XZS2C-1  could  be  realised. 

INTRODUCTION 

The  Goodyear  Aircraft  Company  has  proposed  a  design  for 
an  airship  using  boundary- layer  control  on  the  aft  portion  oil 
the  airship.  Although  several  other  advantageous  features  ere 
attributed  by  the  designer  to  this  airship,  the  tests  reported 
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herein  are  primarily  to  provide  experimental  verification  of 
the  theoretically  anticipated  raductlon  in  drag  due  to  boundary- 
layer  control. 

two  alternative  methods  of  boundary “layer  control  are 
presented  in  the  proposed  design.  The  first  employs  the  tech¬ 
nique  of  Internal  suction  applied  to  the  boundary  layer  through 
a  circumferential  gap  located  on  the  aft  portion  of  the  airship 
where  boundary- layer  separation  for  this  particular  configuration 
is  normally  expected.  In  the  second  method  the  suction  gap  is 
replaced  by  a  small  annular  airfoil  which  encircles  the  airship. 
The  anticipated  result  in  either  case  is  a  significant  reduction 
in  drag  due  to  the  elimination  or  delay  of  flow  separation. 

In  Reference  1,  wind-tunnel  tests  were  requested  and 
authorised  for  a  0. 0144-scale  model  of  the  Goodyear  boundary- 
layer-control  xii'nhl?  to  determine  its  drag  characteristics. 

Drag  measurements  of  a  model  of  the  XZS2G-1  airship  to  serve 
as  a  standard  of  comparison  were  also  requested  in  Reference  1. 
These  tests  were  conducted  in  the  TUB  7*  by  10-Foot  Transonic 
Wind  Tunnel  during  July*  August*  and  September  of  1956* 

DESCRIPTION  OF  APPARATUS 

The  investigation  was  conducted  in  the  TMB  7-  by  10-Foot 
Transonic  Wind  Trnnel.  The  tunnel  has  a  slotted  throat  and* 
at  the  time  of  testing,  was  capable  of  speeds  up  to  a  Much 
n*--her  of  0.8.  The  Mach  masber  variation  in  the  test  region 
was  10.005.  The  free -stream  turbulence  level  ae  measured 
with  a  hot-wire  anemometer  varied  from  0.01  percent  at  M  -  0.1 
to  0.04  percent  at  M  -  0.4.  Measurements  Indicated  that  the 
flow  angularity  in  the  test  section  wss  within  10.  I*  In  both 
the  pitch  and  yew  direction. 
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Drag  values  ware  determined  from  a  survey  of  tha  momen¬ 
ta®  daficit  In  tha  wake.  A  wake  raka  waa  located  approximately 
3  feat  down* tr earn  of  tha  nodal  and  was  used  to  measure  tha 
total-head  deficit  and  static  prassura  in  tha  wake.  Tha  general 
arrangement  of  tha  wake  raka  is  shown  in  Piguras  la  and  lb. 

Tha  vertical  and  horizontal  arms  of  tha  raka  contained  61  and 
106  total-head  tubas,  respectively.  Wake  static  pressures 
ware  measured  at  seven  stations  along  tha  horizontal  arm.  It 
was  possible  to  adjust  both  tha  horizontal  and  vertical  position 
of  tha  raka  during  a  run.  By  observing  tha  wake  total-head 
distribution  on  tha  manometer  boards.  It  was  possible  to 
position  tha  canter  of  tha  raka  on  tha  canter  of  tha  wake. 

This  procedure  was  followed  for  each  run. 

Because  of  the  limited  number  of  manometer  tubes,  it  was 
not  possible  to  use  all  the  tubes  in  the  rake  simultaneously. 

For  this  reason  only  31  tubes  In  the  vertical  arm  were  used. 

The  106  tubes  in  the  horizontal  arm  of  the  rake  were,  in  reality, 
four  rakes  consolidated  into  one  an.  By  using  m  switching 
arrangement  it  was  possible  to  select  the  proper  rake  for  the 
size  of  wake  to  be  measured.  By  this  method  it  was  possible 
to  obtain  a  minimal  cf  i2  total -head  readings  in  the  wake  for 
wake  radii  varying  from  3.5  inches  to  20  inches.  All  wake 
static  i rubes  were  used. 

A  calibrated  Venturi  meter  was  used  to  determine  the 
suction  flew  rate.  By  measuring  the  total  and  static  pressure 
in  the  throat  of  the  venturi  and  the  temperature  of  the  stream, 
the  suction  flow  rate  could  be  determined  from  the  calibration 
curves , 

Transition  was  fixed  at  the  10-percent  station  on  both 
models  by  a  double  row  of  staggered,  discrete,  conical 
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turbulence-stimulating  elements,  which  are  clearly  vlalbla 
in  the  photograph  of  Figura  2b.  A  sublimation  tachniqua  was 
used  to  check  the  affect ivanaaa  of  the  turbulence  stimulator*. 
The  sublimating  solution  was  a  mixture  of  aeenaphtitene  end 
acetone.  The  solution  was  dry-sprayed  onto  the  model  and  the 
coating  was  brushed  lightly  to  remove  any  large  particles 
which  might  have  accumulated  during  spraying.  Figure  2a  shows 
the  BLC  airship  after  coating.  During  a  run,  the  coating 
sublimates  in  the  turbulent  region  earlier  than  in  the  laminar 
region.  Figure  2b  is  a  photograph  of  the  coating  after  a  run 
was  completed.  The  technique  showed  that  transition  was 
occurring,  as  desired,  at  the  10-percent  station.  Boundary- 
layer-turbulence  stimulation  was  used  for  all  tests  except 
for  one  run  to  determine  the  pressure  distribution  of  the 
XZS2G-1. 

Both  airship  models  were  supported  from  the  wall  of  the 
tunnel  by  a  strut.  The  XZS2C-1  mounted  on  this  strut  is 
shewn  in  Figure  la.  The  strut,  which  was  constructed  with  a 
symmetrical  low-speed  airfoil  section,  was  hollow  in  order  to 
provide  a  passageway  for  air  removed  from  the  boundary  layer 
by  suction.  For  configurations  with  no  suction,  the  passage¬ 
way  wss  closed  off  to  prevent  undesired  back-flow  through  it. 

A  visual  observation  of  the  flow  direction  over  the 
complete  model  and  the  model-strut  junction  was  made  by  the 
standard  tuft  method.  Tufts  showed  no  excessive  change  of 
flow  direction  on  the  model  in  the  vicinity  of  the  strut. 

The  method  did  Indicate,  however,  that  the  flow  separated 
several  lnchea  upstream  of  the  suction  slot  when  no  suction 
was  applied  to  the  model.  When  sufficient  suction  was  applied 
to  the  model  the  flow  was  attached  well  aft  of  the  auction 
gap. 


CONFIDENTIAL 


5 


CONFIDENTIAL 


MODELS  AND  TESTS 

Tests  vert  performed  on  two  models,  the  XZS2G-1  tnd  the 
BLC  airship.  Raynolda  numbers  for  tbtst  tests,  based  on  e 
body  length  of  38.8  Inches,  varied  from  4,000,000  to  12,000,000. 

A  model  of  the  XZS2G-1  mas  constructed  and  tested  to 
provide  a  basis  of  comparison  for  the  drag  of  the  proposed 
BLC  airship.  The  model  was  constructed  In  three  sections  — 
nose,  center,  and  tall.  The  nose  end  tail  sections  were  made 
of  spun  aluminum.  The  center  section  wee  constructed  with  a 
fiber  glass  skin  attached  to  aluminum  bracing.  The  amdel  was 
supported  from  the  center  section  by  a  strut.  A  photograph 
of  the  model  Installed  In  the  tunnel  Is  given  In  Figure  la. 
Pressure  distribution  over  the  model  was  measured  at  43  stations 
along  a  generatrix.  In  the  horizontal  plane  of  the  support  but 
diametrically  opposite.  Table  1  gives  the  coordinates  of  the 
model  for  stations  corresponding  to  the  location  of  the  static 
pressure  orifices. 

Tests  of  the  XZS2G-1  were  made  for  both  natural  and  tripped 
boundary  layers.  For  both  conditions  the  pressure  distributions 
over  the  body  were  recorded  and  in  the  case  of  the  tripped 
boundary  layer  the  velocity  distribution  In  the  wake  was 
recorded . 

The  BLC  airship  was  constructed  In  two  main  sections  - 
body  and  tail  cone.  The  body  was  constructed  In  three  sub¬ 
sections  -  nose,  center,  and  aft  portions.  The  tall  cone  was 
attached  to  the  body  by  means  of  three  uniformly  spaced  3/8- 
lnch  rods.  These  rods  were  actuated  by  a  drive  mechanism 
housed  In  the  body  section  so  that  the  axial  position  of  the 
tail  cone  could  be  varied  with  respect  to  the  body.  In  this 
manner  a  suction  gap  of  adjustable  width  was  formed  between  the 
body  and  the  tall  cone. 
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In  addition,  th«  geometry  of  the  suction  gap  was  also 
alterad  by  attaching  a  shroud  to  the  forward  end  of  the  adjust¬ 
able  tail  cone.  This  shroud  formed  a  lip  which  extended  the 
contour  of  the  tail  cone  in  the  upstream  direction. 

When  testing  the  annular  airfoil,  an  alternate  tail  cone 
was  used  in  the  gap-closed  position  forming  the  basic  BLC 
airship  configuration.  This  tail  cone  permitted  the  actuating 
rods  to  extend  through  it.  Thus,  with  the  airfoil  supported 
by  the  rods,  it  was  possible  to  vary  the  axial  position  of  the 
airfoil  by  means  of  the  same  actuating  mechanism  previously 
used  to  vary  the  tall  cone  position. 

The  ducting  for  the  suction  system  was  internally  housed 
in  the  body  section  and  passed  through  the  supporting  strut 
to  the  exterior  of  the  test  section  where  it  was  connected  to 
the  piping  system  associated  with  a  conventional  suction  pump. 

The  air  withdrawn  from  the  tunnel  flow  in  this  way  was  eventually 
discharged  into  the  atmosphere. 

The  aft  subsection  of  the  body  section  was  easily  removable 
to  provide  access' to  the  suction  ducting  and  driva  mechanism 
which  ara  housed  within  the  body. 

As  In  the  esse  of  the  XZS20-1,  the  basic  BLC  airship 
model  is  equipped  with  43  static-pressure  orifices  distributed 
alone  the  generatrix  in  the  horizontal  plane  opposite  the 
supporting  strut.  A  sketch  of  the  basic  BLC  airship  configu¬ 
ration  and  the  coordinates  associated  with  each  orifice  location 
are  given  in  Table  2. 

Betides  the  basic  BLC  configuration,  a  total  of  three 
other  major  configurations  were  tested  —  the  tail  cone  suction 
gap  with  and  without  shroud  and  the  annular  airfoil.  These 
three  additional  configurations  are  sketched,  in  part,  in 
Table  3.  Also  shown  for  each  configuration  is  a  list  of  the 
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positions  of  the  appropriate  components  at  which  experimental 
data  were  obtained.  The  Reynolds  number  was  also  varied  during 
the  test  of  each  configuration  and,  for  the  two  cases  of 
boundary -layer  suction,  the  suction  conditions,  in  addition, 
were  systematically  varied. 

The  BLC  airship  was  also  instrumented  for  boundary -layer 
measurements.  TVo  boundary -layer  rakes  were  mounted  on  the 
airship,  one  upstream  and  one  downstream  of  the  suction  slot. 

The  upstream  rake  was  used  in  all  runs  of  the  BLC  airship. 

A  similar  rake  was  located  on  the  suction  tall  cone.  In  the 
basic  and  annular  airfoil  tests  two  rakes  were  installed  on 
the  tall  cone.  These  rakes  were  spaced  so  that  one  rake  was 
located  at  the  leading  edge  and  one  at  the  trailing  edge  of 
the  airfoil.  Figure  2a  shows  the  upstream  rake  and  two  tail¬ 
cone  rakes  installed  on  the  basic  configuration. 

All  runs  of  the  BLC  airship  were  made  with  the  boundary 
layer  tripped.  For  each  run,  body  static -pres sure  distributions, 
boundary -layer  profiles,  and  velocity  distributions  in  the 
wake  were  determined.  For  runs  with  suction,  sufficient  data 
were  taken  to  calculate  the  suction  flow  rate. 

REDUCTION  OF  DATA 

The  equations  used  in  reducing  the  data,  together  with 
a  brief  description  of  the  underlying  theoretical  considerations 
and  assumptions,  are  given  below. 

PRESSURE  COEFFICIENT 

The  pressure  coefficient,  C^,  was  calculated  from  measure¬ 
ments  of  body  static  pressure,  p^,  end  free-str*aa  static 
pressure,  p^,  in  accordance  with  the  following  relation: 

_  Pb  *  p»  pb  •  Pi 

cp  *  UF7  ' 

2  2 
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D RAG  COEFFICIENTS 

The  wake  drag  coefficient,  CD  ,  was  determined  from  a 

a  imp  1 i f led  form  of  the  integral  ofwthe  momentum  loss  over  the 

wake.  The  method,  essentially,  consists  of  an  integration  of 

the  wake  point  drag  coefficient,  Cp  ,  over  the  wake  area, 

A  ;  i.e. ,  W 

w* 


1  P,o ‘V/* 

2 


1 

V*/» 


C'  dA 

i  D  w 

J  w 


where, 


Cl  -  2 
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The  suction  pump  drag  coefficient,  Cp  ,  was  determined 
from  energy  balance  considerations  in  vhicft  the  pump  work 
required  to  reetore  that  portion  of  the  boundary  layer  that 
was  withdrawn  by  the  suction  system  to  free-stream  total  head 
is  converted  to  an  equivalent  drag.  The  assumptions  made  in 
deriving  the  relation  for  the  suction  pump  drag  coefficient 
which  is  given  on  the  following  page  are: 
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(1)  That  the  flow  In  the  boundary  layer  ia  miiabatica  liy 
related  to  the  flow  in  the  free  stream,  snd 

(2)  That  the  pump  isen tropically  restores  the  mass 
removed  from  the  boundary  layer  by  the  suction  system  to  its 
free-stream  total-head  condition. 

r  Ds  W» 

Ds  "  i  P.^VV*  "  i  PxU^V8/* 

2  2 


1 


(r+f  cos  r\)di 


The  upper  limit  of  integration,  y,  was  determined  in  each 
case  by  integrating  the  mass  flow  in  the  boundary  layer  from 
the  body  surface  outward  to  a  point  at  which  the  integrated 
value  equaled  the  value  independently  recorded  by  a  flow  meter 
as  the  mass  flow  withdrawn  from  the  boundary  layer  by  the 
suction  system.  Also,  in  the  actual  performance  of  the  suctlon- 
r-uusp-drag  calculations,  the  flow  was  considered  incompressible, 
i.«.  p/ px  -  1.  For  purposes  of  clarification,  it  is  pointed  out 
Last  the  incremental  area  element  of  the  suction-pump -drag 
integral  is  equal  to  2w(r  +  t  cos  q)d(,  which,  as  can  be  seen 
in  Figure  3*  reflects  the  fact  that  the  integration  is  over 
the  surface  of  a  truncated  cone  under  axially  symmetric 
«'or>ditions.  The  integration  of  the  sue tlon-pump -drag  coeffi¬ 
cient  was  carried  out  with  the  body  radius,  r,  equal  to  7.4U 
inches  and  the  angle,  q,  equal  to  27*. 
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Hm  total  drag  coefficient,  ,  is  than  equal  to  the  aua 
of  tho  wake-drag  coefficient,  C..  ,  Sod  the  suet ion-pump -drag 

coefficient,  C«  ,  i.e.,  " 

D» 

S  “  °D  *  CD 
t  w  s 


Note  that  for  configuration*  without  suction  ■  0,  and 

het^a  -  C  . 

t  w 

The  reference  areas  used  in  computing  the  dreg  coefficients 
are  the  two-thirds  power  of  the  volumes  of  the  airships  and  are 
equal  to  326.9  square  inches  for  the  XZS26-1  and  %93>9  square 
inches  for  the  BLC  airship. 

BOUNDARY- LAY* R  CHARACT1RISTICS 

The  displacement  thickness,  5#,  and  the  momentum  thickness, 
t,  ware  calculated  as  though  the  boundary  layer  were  two- 
dimensional.  Hence, 

* 


i‘*j  (^Vdi 


It  Is  again  pointed  out  that  the  flow  in  the  boundary  layer 
is  regarded  as  incompressible  for  the  purposes  of  the  present 
tests.  It  le  felt  that  the  error  introduced  by  such  an 
assumption  is  negligible  for  the  conditions  of  the  present  tests. 

RESULTS  AND  DISCUSSION 

Drag  coefficients  determined  from  wake  measurements  and 
suet ion-pump -drag  coefficients  determined  from  boundary-layer 
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aaaaursments  art  present ed  in  Table  4.  Valu«a  of  boundary- 
layer  displacement  and  momentum  thickness  calculated  from 
boundary -layer  surveys  nade  ups trees  of  the  suction  gap  are 
also  included  in  Table  4.  The  above  values  are  tabulated  far 
each  test  configuration. 

The  drag  coefficients  are  presented  as  functions  of 
Reynolds  number  in  Figures  4  through  6.  Drag  coefficients  for 
the  XZS2G-1  and  the  basic  1LC  airship  appear  in  Figure  4.  The 
basic  BLC  airship  has  neither  suction  gap  nor  annular  airfoil 
but  represents  essentially  the  airship  envelope  with  no  append¬ 
ages.  The  drag  coefficient  for  the  basic  BLC  airship  is  approxi¬ 
mately  50  percent  higher  than  that  of  the  standard  airship, 
l.e.  the  XZS2G-1. 

The  variation  of  drag  coefficient  with  Reynold*  nuiober 
for  the  BLC  airship  with  varying  amounts  of  suction  is  given 
in  Figure  5.  It  can  be  seen  that  there  is  a  sharp  rise  in 
drag  coefficient  at  a  Reynolds  number  of  10,000,000  in  the 
case  where  no  suction  was  applied  to  the  model,  but  where  e 
suction  gap  existed.  At  present  no  explanation  for  this 
Increase  can  be  given.  The  rise  is  present  for  both  the  cone 
end  cooe-shrood  co n figurations. 

At  the  time  that  sufficient  suction  was  applied  to  attach 
tha  flew  on  the  nodal  upstream  of  the  suction  gap,  e  significant 
da^raase  In  drag  was  realised.  The  minimum  auction  rate  ueed 
in  these  tests  was  that  just  necessary  to  attach  the  flow. 

There  is  an  indication,  however,  that  after  initially  attaching 
the  flow  the  suction  rats  can  be  slightly  reduced  while  still 
maintaining  attached  flow.  Nevertheless,  for  the  purposes  of 
the  present  tests,  minimum  suction  rate  refers  to  the  condition 
required  to  attach  tha  flow  Initially. 
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Data  an  also  presented  for  two  suction  values  above  the 
minimum.  It  is  evident  from  Figure  5  that  no  advantage  is 
gained  by  applying  suction  beyond  the  minimum  amount  needed 
for  initial  flow  attachment.  As  the  Reynolds  number  was 
increased,  the  amount  of  suction  required  for  attachment 
increased;  and,  at  the  higher  speeds,  the  amount  of  suction 
available  was  not  sufficient  to  attach  the  flow  on  the  tail 
cone  configuration.  The  Reynolds  number  range  over  which  the 
available  suction  was  sufficient  to  attach  the  flow  was  slightly 
extended,  however ,  by  placing  a  shroud  on  the  tail  cone.  The 
shroud  also  had  the  effect  of  reducing  the  minimum  suction 
requited.  In  this  regard,  it  is  of  interest  to  note  that  for 
the  same  gap  dimensions  (defined  in  Table  3)#  the  drag  of  both 
the  tall  cone  configuration  and  the  tail  cone  with  shroud  con  * 
figuration  exhibit  the  same  variation  with  Reynolds  number;  i.e., 
when  plotted  as  a  function-  of  Reynolds  number,  the  drag  data 
for  both  configurations  fall  on  a  single  curve. 

The  results  of  eests  with  the  annular  airfoil  are  presented 
in  Figure  6.  Contrary  to  expectations,  the  airfoil  did  not, 
in  general,  prevent  separation  on  the  airship.  It  is  seen  that 
the  drag  for  this  configuration  Is  higher  than  that  of  the  basic 
BLC  airship.  The  increased  dreg  can  be  attributed  in  part  to 
the  additional  drag  of  the  airfoil  itself. 

The  results  of  Figures  k  through  6  are  summarised  in 
Figure  7.  In  thia  figure  an  average  of  the  drag  curves  for 
the  model  with  auction  and  the  minimum  dreg  obtained  for  the 
eirfoil  configuration  art  presented.'  The  results  Indicate 
that  of  the  two  boundary- layer-control  methods  tested  the 
suction  method  is  far  superior  and,  in  fact,  is  the  only  one 
that  shows  a  drag  reduction.  In  particular,  the  drag  of  the 
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BIX  airship  with  auction  it  at  least  20  percent  lower  than 
that  of  the  XZS2G-1  throughout  the  entire  Reynolds  number 
range  of  the  tests. 

The  pressure  distributions  for  each  test  configuration 
appear  in  Figures  8  through  12.  Figure  8  presents  the  pressure 
distrioution  data  for  the  XZS2G-1  for  natural  transition  and 
with  transition  fixed  at  the  10-percent  body  station.  The 
distribution  for  the  basic  BLC  airship  is  given  in  Figure  9. 

A  favorable  pressure  gradient  exists  over  the  first  60  percent 
of  the  body.  Figures  10  and  11  show  the  distribution  with 
varying  amounts  of  suction  applied  to  the  cone  and  cone-shroud 
configurations,  respectively.  In  both  cases  the  application 
of  suction  extends  the  favorable  gradient  to  about  the  80- 
percent  station. 

The  distribution  ft .  tests  with  the  annular  airfoil  are 
given  in  Figure  12.  The  distribution  is  essentially  the  same 
as  that  of  the  basic  BIX  body  except  that  there  is  less  pressure 
recovery  on  the  aft  portion  of  the  airship.  This  in  indicative 
of  a  higher  form  drag,  which,  combined  with  the  parasite  drag 
of  the  annular  airfoil,  accounts  for  the  drag  behavior  shown 
in  Figure  ?• 

Boundary- layer  measurements  were  taken  upstream  of  the 
suction  gap  station  and  the  velocity  profiles  derived  from  them 
are  presented  in  Figures  13  through  16.  The  curves  presented 
were  calculated  from  faired  data  points  and,  consequently,  the 
symbols  shown  represent  interpolated  values  rather  than  actual 
experimental  points. 

To  obtain  these  curves  the  measured  total-head  distributions 
were  plotted  to  an  enlarged  scale,  faired,  and  values  from  the 
resultant  curves  tabulated  at  Intervals  of  0.02  inch.  The 
velocity  ratio  at  each  of  these  interpolated  points  was  then 
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calculated  under  the  assumption  that  the  boundary -layer  flow 
Is  incompressible.  The  displacement  thickness,  momentum 
thickness,  end  their  ratio  were  than  determined  according  to 
the  definitions  given  in  the  previous  section  entitled, 

jS 

"Reduction  of  Data." 

As  stated  previously,  rakes  were  also  placed  on  the 
suction  tail  cone  and  fore  and  aft  of  the  airfoil.  No  cal¬ 
culations  were  made  for  these  rakes  since  they  were  located 
in  a  separated  region  both  in  the  case  of  no  suction  and  for 
the  airfoil  configuration.  In  the  case  where  suction  was 
applied,  the  boundary  layer  on  the  tail  cone  was  too  thin  to 
be  measured  with  the  rakes  that  were  installed. 

Aerodynamics  Laboratory 
David  Taylor  Model  Basin 
Washington,  D.  C. 

March  1957 

REFERENCE 

1.  BUAER  ltr  Aer-AD-312/226  TED  No.  TMB  AD-3196  of  13  Jan  1955. 


CONFIDENTIAL 


-15-  CONFIDENTIAL 

Table  1 


XZS2G-1  Airship  Coordinates 
fcr  Orifice  Locations 


Orifice 

r 

X 

in  inches 

r 

in  inche-. 

1 —  - 

Orifice 

X 

!  in  inches 

. r  -  1 

in  inches 

1 

0 

0 

23~ 

33.000 

6.680 

2 

1 .002 

2.125 

i  24 

1  35.002 

,  6.495 

3 

2.003 

2.952 

25 

j  37.002 

j  6.280 

4 

3.003 

3.590 

26  * 

39.003 

'  6.052 

5 

4.003 

4.096 

27 

40.996 

5.792 

6 

5.016 

4.516 

28 

42.999 

5.483 

7 

6.010 

4.855 

29 

44.998 

5.151 

8 

7.017 

5.163 

.  30 

46.492 

4.888 

9 

8.003 

5.448 

31 

i  47.497 

i  4.691 

!  10 

9.001 

5.714 

32 

i  48.502 

4.487 

1  11 

10.002 

5.948 

33 

49.500 

i  4.266 

1  12 

11.000 

6.139 

34 

:  50.499 

4.038 

13 

13.007 

6.452 

35 

51.490 

3.793 

14 

15.501 

6.705 

36 

52.503 

3.513  ' 

15 

17.000 

6.8I5 

37 

53.515 

3.218  ! 

16 

18. 994 

6.934 

38 

34.494 

2.926 

17 

21.001 

6.991 

39 

55.486 

2.578 

18 

23.003 

7.017 

40 

56.513 

2.151 

19 

25.006 

7.006 

41 

57.496 

1.622 

20 

26.999 

6.961 

42 

53. *95 

0.793 

21 

29.003 

6.895 

43 

58.8 

0 

22 

31.002 

6.800 
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Table  3 

T««t  Configuration* 

(L  *  53.8  Inches) 


“i" 

i 

1 

I 

1.62” 

\ 

_..L- 


g/L  •  0.004,  0.008, 

0.012,  0.016 


(a)  Tail  Cone  Configuration 


(c)  Annular  Airfoil  Configuration 
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PSD-200,030 

(a)  XZS2G-1  Airship  Model 


PSD-200,031 

(b)  Boundary -Layer-Control  Airship 


Figure  1  -  Installation  of  Airship  Models  in  7*  by  10-Foot 

Transonic  Wind  Tunnel 

16  July  1956 
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PSD-200,033 

(a)  Transition  Coating  Bafora  Davalopmant 


PSD-200,034 

(b)  Transition  Coating  Aftar  Davalopmant 


Figura  2  -  Boundary -Lay ar  Transition  Indication 


?SD-200,035 


18  July  I956 
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Figure  3  *  Sketch  of  BLC  Airship  Shoeing  Location  of 
Forward  Boundary -Layer  lake 
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Pen  and  ink  changes: 

Page  1,  Line  14:  Change  ”20  percent”  to  ”30  percent” 

Page  13,  Line  1:  Change  "at  least  20  percent”  to 

"approximately  30  percent” 


Substitute  the  following  attached  material  for  the  corresponding 
pages  in  the  Report: 


Table  4, 

Pages  18-21 

Figure  5, 

rages  26-29 

Figure  7, 

Page  31 

Figure  8a, 

Page  32 

Figure  12b, 

Page  57 

Figure  14b, 

Page  62 

Figure  14g, 

Page  67 
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